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RAILWAY WHEEL, AND WHEEL AND AXLE FOR RAILWAY VEHICLE

A railway wheel that is capable of suppressing the propagation of cracks is provided. A railway wheel (100)

according to the present disclosure includes a hub part (10), a rim part (20) including a tread (21) and a flange (22), and a
web part (30). Inthe railway wheel (100), in an outer layer of the rim part (20) thatincludes the tread (21), an elasticlimit 6 is
430 MPa or more, an initial kinematic hardening coefficient C is 130 GPa or more, and a kinematic hardening coefficient
reduction ratio y is 400 or less. The initial kinematic hardening coefficient C and the kinematic hardening coefficient
reduction ratio y satisfy Formula (1).
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470 < ;{1 — exp(—0.007y)} (1)
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Description
TECHNICAL FIELD
[0001] The present disclosure relates to a railway wheel, and a wheelset that is used for railway vehicles.
BACKGROUND ART

[0002] A railway vehicle travels on rails constituting a railway track. A railway vehicle is equipped with a plurality of
railway wheels. The railway wheels support the vehicle, and keep in contact with the rails and move on the rails while
rotating thereon. Consequently, cyclic stress due to rolling contact is applied to the railway wheels.

[0003] The surface of a railway wheel that comes into contact with the top surface of a rail is referred to as a "tread". A
tread brake is known as one type of braking method for a railway vehicle. A tread brake is a braking method which, by
pressing brake shoes against the treads of railway wheels, generates a frictional force between the treads and the brake
shoes to thereby apply a brake to the railway vehicle using the frictional force. When utilizing a tread brake to apply a brake
to a railway vehicle, frictional heat is produced between the treads and the brake shoes.

[0004] In addition to being subjected to cyclic stress due to rolling contact, frictional heat is also applied to the railway
wheels when a brake is applied to the railway vehicle. In some cases, a crack occurs in a railway wheel due to cyclic stress
and frictional heat. If the crack propagates, there is a possibility that crack damage will occur in the railway wheel.
Therefore, there is a need for a railway wheel that can suppress cracks.

[0005] Railway wheels that are capable of suppressing cracks are proposed in, for example, Japanese Patent
Application Publication No. 10-119503 (Patent Literature 1) and Japanese Translation of PCT International Application
Publication No. 2001-517177 (Patent Literature 2).

[0006] The railway wheel disclosed in Patent Literature 1 is a solid rolled wheel for a railway vehicle having a shape in
which arim partis displaced from a hub part towards the outside of a track. This railway wheel is characterized in that, when
a dimension between perpendicular lines which are drawn from the center of the plate thickness of a web part near the end
of a curve on a flange side of a fillet of the rim part and from the center of the plate thickness of a web part near the end of a
curve on a side opposite to a flange side of afillet of the hub part to the axial centerlines thereof, respectively, is defined as a
displacement amount § of the rim part relative to the hub part, and a dimension between perpendicular lines which are
drawn from the center of the plate thickness of the web part near the end of the curve on the flange side of the fillet of the rim
part and from the center in the axial direction of the inner diameter of the rim part to the axial centerlines thereof,
respectively, is defined as a displacement amount A of the web part on the rim side, the displacement amount A is 5 mm or
more and the displacement amount 3 is 40 mm or more. In Patent Literature 1, thermal stress that arises in the web partis
suppressed by making the displacement amount 5 of the web part a large amount. Itis described in Patent Literature 1 that
by this means a railway wheel that is excellent in performance with respect to crack damage and the like caused by thermal
cracks that occurs in the tread or flange surface of the railway wheel is obtained.

[0007] Intherailway wheeldisclosedin PatentLiterature 2, atleast one recess is formed at a portion where there is a risk
of crack occurrence, and at least one surface coating layer is formed in the recess. The surface coating layer consists of a
base material and an additive. The base material is melted by heat radiation, in particular by laser irradiation, while at the
same time adding the additive to the melt to impart properties that are different from the base material to the railway wheel.
The surface coating layer is formed in the recess as a number of linear bodies located beside each other in the recessin a
manner such that the linear bodies fill the recess, and the outer surface of the surface coating layer is finished to a height
thatis flush with the outer surface of the adjacent base material. In Patent Literature 2, a surface protection layer is formed
by laser irradiation at a portion where there is a risk of crack occurrence. It is described in Patent Literature 2 that by this
means surface fatigue and crack occurrence are prevented, and at the same time, deviation from a perfect circle and
corrosion can be prevented.

CITATION LIST
PATENT LITERATURE
[0008]

Patent Literature 1: Japanese Patent Application Publication No. 10-119503
Patent Literature 2: Japanese Translation of PCT International Application Publication No. 2001-517177
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SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0009] In this connection, the following stages exist before a crack that occurred in a railway wheel results in crack
damage. The first stage is a crack occurrence stage. As mentioned above, cyclic stress caused by rolling contact with the
rail is applied to the tread. Furthermore, when a brake is applied to the railway vehicle, frictional heat that is generated by
friction with a brake shoe arises at the tread. A crack occurs in the tread due to the frictional heat load applied to the tread in
addition to the cyclic stress caused by rolling contact.

[0010] The second stage is a crack propagation stage. The crack that occurred in the tread propagates parallel to the
tread, or propagates from the tread toward the inside of the railway wheel. If a driving force for crack propagation in the
outer layer of the railway wheel is high, the crack will easily propagate.

[0011] Thethird stageis acrackdamage stage. The crack propagates and the railway wheel suffers crack damage. Ifthe
railway wheel suffers crack damage, the life of the railway wheel will decrease.

[0012] The railway wheel disclosed in Patent Literature 1 suppresses thermal stress that arises in a web part. By this
means, thermal cracks that occur in the tread of the railway wheel are suppressed. In the railway wheel disclosed in Patent
Literature 2, a surface protection layer is formed at portions where there is a risk of crack occurrence. By this means, crack
occurrence is suppressed. In other words, it is considered that in Patent Literature 1 and Patent Literature 2, suppressing
the occurrence of cracks in the first stage is mainly considered.

[0013] The occurrence of cracks can be suppressed by the railway wheels disclosed in Patent Literature 1 and Patent
Literature 2. However, in the railway wheels disclosed in Patent Literature 1 and Patent Literature 2, in some cases it may
be difficult to suppress the propagation of a crack that has occurred.

[0014] Anobjective of the presentdisclosure is to provide a railway wheel that is capable of suppressing the propagation
of a crack, and a wheelset for railway vehicles that is a wheelset equipped with the railway wheel that is capable of
suppressing the propagation of a crack.

SOLUTION TO PROBLEM
[0015] A railway wheel according to the present disclosure includes:

a hub part that forms an inner circumferential portion of the railway wheel, and that has a through hole for inserting an
axle of a railway vehicle;

arim part that forms an outer circumferential portion of the railway wheel, and thatincludes a tread to come into contact
with atop surface of arail on which the railway vehicle travels, and a flange protruding outward from the tread in aradial
direction of the railway wheel; and

an annular web part that connects the hub part and the rim part;

wherein:

in an outer layer of the rim part that includes the tread,

an elastic limit o4 is 430 MPa or more, an initial kinematic hardening coefficient C is 130 GPa or more, and a
kinematic hardening coefficient reduction ratio y is 400 or less,

where, the initial kinematic hardening coefficient C and the kinematic hardening coefficient reduction ratio y satisfy
Formula (1).

[Expression 1]

470 < %{1 — exp(—0.007y)} (1)

[0016] A wheelset for railway vehicles according to the present disclosure includes:

a first railway wheel and a second railway wheel that are described above; and
the axle thatis inserted into the through hole of the first railway wheel and the second railway wheel, and that extends in
a rotational axis direction of the first railway wheel and the second railway wheel.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0017] The railway wheel of the present disclosure can suppress the propagation of a crack. The wheelset for railway
vehicles of the present disclosure can suppress the propagation of a crack in a railway wheel.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

[FIG. 1] FIG. 1 is a diagram illustrating an FEM analysis model.

[FIG. 2] FIG. 2 is a longitudinal section of a railway wheel of the present embodiment.

[FIG. 3] FIG. 3 is a longitudinal section of a wheelset for railway vehicles of the present embodiment.

[FIG. 4] FIG. 4 is a graph illustrating the relation between a crack propagation rate da/dN and 0.7% yield stress in a
cyclic stress-strain curve.

[FIG. 5] FIG. 5is a diagram illustrating heat patterns at a tread and at a position at a depth of 15 mm from the tread in a
case where one-stage cooling was performed.

[FIG. 6] FIG. 6 is adiagram illustrating heat patterns at a tread and at a position at a depth of 15 mm from the tread in a
case where two-stage cooling was performed.

[FIG. 7] FIG. 7 is a schematic diagram illustrating a test specimen for a cyclic compression-tension test.

DESCRIPTION OF EMBODIMENTS
[Technical idea of railway wheel of present disclosure]

[0019] The presentinventors investigated methods for suppressing the propagation of a crack even in a case where the
crack occurs in the tread of a railway wheel.

[0020] Railway wheels are subjected to cyclic stress due to rolling contact. Therefore, work hardening occurs in railway
wheels accompanying cyclic plastic deformation. Accordingly, when investigating the propagation of cracks, it is
necessary to take into consideration work hardening that accompanies cyclic plastic deformation. The nonlinear kinematic
hardening law is known as a model for expressing the stress-strain response during cyclic plastic deformation. The
nonlinear kinematic hardening law is expressed by Formula (2).

[Expression 2]

C
Ocq =0 o ""]”,”“{1 — exp(—Y&peq)} (2)

[0021]  In the formula, o4 equivalent stress (MPa), o elastic limit (MPa), C: initial kinematic hardening coefficient
(GPa), and y: kinematic hardening coefficient reduction ratio.

[0022] In order to differentiate Formula (2), it is expressed as Formula (3).

[Expression 3]

C
f(EPQQ) =0y T ;;{1 o exp(mygpeq)} ( 3)

[0023] When Formula (3) is differentiated with respect to ¢
[Expression 4]

peg’ Formula (4) is obtained.

7 (€peq) = Cexp(—vepeq) (4)

[0024] When Epeq = 0, f(0) = C, and therefore the initial kinematic hardening coefficient C corresponds to the kinematic
hardening coefficient when the plastic strain is 0. In other words, the initial kinematic hardening coefficient C corresponds
to the slope of the graph when the plastic strain is 0 in the stress-strain curve.

[0025] By taking the natural logarithm of both sides of Formula (4), Formula (5) is obtained.
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[Expression 5]

Inf’" (€peq) = — VEpeq TInC (5)

[0026] The kinematic hardening coefficient reduction ratio y corresponds to the slope of Formula (5), which is a linear
function. In other words, the kinematic hardening coefficient reduction ratio y corresponds to the slope of a graph in which
the natural logarithm of the kinematic hardening coefficient is the ordinate and the plastic strain is the abscissa.
[0027] The equivalentstress Oeq in Formula (2) corresponds to the strength after work hardening. Itis considered that if
the strength after work hardening is high, the propagation of a crack can be suppressed. That s, it is considered that if the
equivalent stress Oeq in Formula (2) can be increased, the propagation of cracks can be suppressed.

[0028] Onthe otherhand, work hardening of a railway wheel begins from the moment that the railway wheel starts rolling
onrails. If work hardening occurs in the initial stage of such rolling and the equivalent stress Ceq increases quickly, it will be
easy to suppress the propagation of cracks. Even in a case where the same equivalent stress Oeq is ultimately reached,
unless work hardening is performed promptly, cracks may propagate prior to work hardening, and consequently it may not
necessarily always be possible to suppress the propagation of cracks. In other words, itis not necessarily always the case
that propagation of cracks can be suppressed simply because the equivalent stress Oeq is high. Note that, in a case where
oy is high, because the strength is sufficiently high even without causing plastic deformation, it is easy to suppress the
propagation of cracks.

[0029] The present inventors conducted further studies regarding values of o, (elastic limit), C (initial kinematic
hardening coefficient), and y (kinematic hardening coefficient reduction ratio) that can suppress the propagation of
cracks. The present inventors conducted an analysis by the finite element method (FEM) to investigate how the
propagation rate of a crack changes when the properties of the material of a railway wheel were changed.

[FEM analysis method]

[0030] The FEM analysis was carried out by the following method. An elastoplastic FEM analysis was conducted using
ABAQUS Ver. 6.14 (Dassault Systemes K.K.). The FEM analysis model is shown in FIG. 1. A two-dimensional plane strain
model was adopted as the model, with a railway wheel test specimen model being a plane, and a rail test specimen model
being a circle. An 8-node quadratic element was used for the railway wheel test specimen model, and a 4-node linear
elementwas used for the rail test specimen model. The diameter of the rail test specimen model was 75 mm. The minimum
element dimensions of the railway wheel test specimen model were 0.1 mm in width and 0.1 mm in length at a contact
portion with the rail test specimen model and in the vicinity thereof, excluding a crack introduction portion that is described
later. In the railway wheel test specimen model, a region with a width of 25 mm and a length of 2 mm including the contact
portion with the rail test specimen model was taken as a finite element, and a region other than the aforementioned region
was taken as an infinite element. In the FEM analysis, in order to simulate rolling contact, a pressing load and forced
displacement of movement in the rotational direction and the horizontal direction were applied to the rail test specimen
model. Three cracks which were inclined with respect to the surface of the railway wheel test specimen model were
introduced into the railway wheel test specimen model. The reason for introducing the three cracks was to simulate the
occurrence of anumber of cracks in the surface of arailway wheel. Crack propagation evaluation was carried outon a crack
located at the center of the three cracks. Hereinafter, the crack located at the center of the three cracks will also be referred
to simply as the "central crack". The angle of the cracks with respect to the surface of the railway wheel test specimen
model was made 25°. The depth of the introduced cracks was made 0.8 mm, and the interval between the three cracks was
made 1.72 mm. The element dimensions of the crack tip of the central crack were made 0.08 mm in width and 0.08 mm in
length. The number of nodes of the railway wheel test specimen model was setto 16,542, and the number of elements was
setto 5,488. The number of nodes of the rail test specimen model was set to 4,250, and the number of elements was set to
4,096. In the FEM analysis, penetration of water into the interior of the crack under water lubrication was simulated.
Specifically, an incompressible hydrostatic pressure elementfilling a closed space formed by the crack and the surface of
the rail specimen model was defined. Further, contact was defined on the crack surface.

[0031] Inthe FEM analysis, a rolling contact load was reproduced by the following procedure. (1) The rail test specimen
model was arranged at a position 7.5 mm away from the central crack. (2) A pressing load (Hertzian stress) was applied to
an MPC node arranged at the center of the rail test specimen model. (3) While maintaining the pressing load constant, a
rotation and a forced displacement of movementin the horizontal direction were applied to the multi-point constraint (MPC)
node to cause the rail test specimen model to roll on the railway wheel test specimen model. At such time, slippage was
applied by deviating the amount of movement due to rotation and the forced displacement amount of the movement in the
horizontal direction. The amount of movement due to rotation was made 15 mm in total. (4) In a state in which the rail test
specimen model was separated by 0.09 mm from the railway wheel test specimen model, the rail test specimen model was
caused to move to the initial position. Five cycles were calculated, with the above procedures (1) to (4) taken as one cycle.
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The amount of water penetrating into the crack was determined based on the volume of a closed space generated by
contact between the railway wheel test specimen model and the rail test specimen model in the second cycle. The fluid
enclosed in the second cycle was calculated up to the fifth cycle on the assumption that the volume did not change
thereafter.

[Method for calculating driving force for crack propagation]

[0032] Based on the FEM analysis result, the stress intensity factor was calculated to determine the driving force for
crack propagation. Specifically, a stress intensity factor Ki (MPa”*m) of the open type (mode I) and a stress intensity factor
Ki (MPavm)ofthe sheartype (mode ) were calculated using Formula (6). A crack opening displacement obtained by FEM
analysis in a local coordinate system in which the tip of the central crack introduced into the railway wheel test specimen
model was taken as the origin was used in order to calculate the stress intensity factors.

[Expression 6]

K = E Z?Iu K = E 21
RS T (R N

4(1-v2)N T
[0033] Inthe formula, E: Young's modulus (206 GPa), v: Poisson’s ratio (0.3), r: distance from crack tip (m), U,: 1/2 of
crack opening displacement in direction perpendicular to crack surface (m), and U,.: 1/2 of crack opening displacement in
direction parallel to crack surface (m).
[0034] The relation between U,, Uy, and the square root r obtained by the FEM analysis was linearly approximated. Ki
and Ku were determined based on the value of the obtained slope and Formula (2). The range of r resulting from the linear
approximation was 0 to 0.12 mm at Ki with a Hertzian stress of 1500 MPa. The propagation of a rolling contact fatigue crack
is so-called "mixed mode" propagation in which open-type (mode I) crack propagation and shear-type (mode Il) crack
propagation occur simultaneously due to compressive stress and shear stress. Therefore, in order to evaluate mixed-
mode crack propagation, a crack propagation angle 6 at the time of a stress intensity factor Ko,max Was determined using
the mixed mode criterion of Erdogan and Sih shown in Formula (7). The above calculations were performed using the
analysis results of the fifth cycle, when the values were stable.
[Expression 7]

Uy (6)

3K, & Ky K2 +8K,*
(7)

Ko, ma=c05(5) {tacost () = Kusine ). cost, =
6. max = COS L €08 5 KusinGe g, cosb, PEETYE

2 2

[0035] Intheformula, 6 is the angle of maximum tangential stress on a circumference centered on the crack tip, with 6
being < 0 when Kn > 0, and 6, being > 0 when K, < 0.

[0036] Table 1 shows fatigue crack propagation rates based on Paris’ law in a case where the elastic limit 5, the initial
kinematic hardening coefficient C, and the kinematic hardening coefficient reduction ratio y were varied in the afore-
mentioned FEM analysis.

[Table 1]
[0037]
Table 1
Test Number 6o (MPa) C (GPa) Y da/dN (mm/cycle)
1 482 120 300 8.75x103
2 480 176 331 2.84%x103
3 480 257 365 8.88x104
4 580 176 331 1.73x103
5 680 176 331 9.52x104
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(continued)

Test Number oo (MPa) C (GPa) Y da/dN (mm/cycle)
6 780 176 331 5.51x104

[0038] The fatigue crack propagation rate shown in the column "da/dN (mm/cycle)" in Table 1 was determined based on
Formula (8).
[Expression 8]

da
E?VW=C(AK)”"EC(AK6’ ) (8)

[0039] Intheformula, da/dN: crack propagation rate (mm/cycle), and AK ., fluctuation range of stress intensity factor
(MPavm). Further, C and m are constants obtained through experiment (C = 3.93%x10-13, m = 3.68). A higher value of
da/dN indicates a greater degree of ease for cracks to propagate. Test No. 1 is a material corresponding to Class-C (tread)
that is the standard of the Association of American Railroads (AAR). Test No. 2 is a material corresponding to a wheel
(tread) produced by the production method of the present application. Test Nos. 3 to 6 are virtually set materials with even
higher strength than Test No. 2. Test Nos. 4 to 6 in Table 1 are test numbers for which the conditions other than the elastic
limit o, were the same. Comparing Test Nos. 4 to 6, it is found that da/dN decreases as the strength of the material
increases. It was found that when the elastic limit o, is, for example, 430 MPa or more, there is a possibility of obtaining a
crack propagation suppressing effect that is equivalent to or greater than that of the existing Class-C.

[0040] On the other hand, the presentinventors conducted further detailed studies regarding AKg ., that is the driving
force for crack propagation. As a result, it was revealed that there is a strong negative correlation between AKg ., thatis
the driving force for crack propagation, and the equivalent stress 6, when g, = 0.007 is substituted into Formula (2) of the
nonlinear kinematic hardening law. That s, it was found that there is a strong negative correlation between AK ., thatis
the driving force for crack propagation, and 0.7% yield stress in the cyclic stress-strain curve. Therefore, the present
inventors investigated the relationship between the crack propagation rate da/dN and the 0.7% yield stress in the cyclic
stress-strain curve. FIG. 4 is a graph illustrating the relation between the crack propagation rate da/dN and the 0.7% yield
stress in the cyclic stress-strain curve. The abscissa in FIG. 4 represents the 0.7% yield stress (MPa) in the cyclic stress-
strain curve. The ordinate in FIG. 4 represents the crack propagation rate da/dN (mm/cycle). Referring to FIG. 4, as the
0.7% yield stress in the cyclic stress-strain curve increases, the crack propagation rate da/dN decreases exponentially. In
particular, if the 0.7% yield stress in the cyclic stress-strain curve is 900 MPa or more, the crack propagation rate da/dN
(mm/cycle) will be 4.83x10-3 or less. Thatis, itis considered that if the 0.7% yield stress in the cyclic stress-strain curve is
900 MPa or more, since the crack propagation rate will be approximately half or less in comparison to Class-C, the rolling
contact fatigue life will be significantly extended.

[0041] Referring to Table 1and FIG. 4, it was found that, on the precondition that the elastic limit o is 430 MPa or more,
the initial kinematic hardening coefficient C is 130 GPa or more, and the kinematic hardening coefficient reduction ratio y is
400 or less, if the initial kinematic hardening coefficient C and the kinematic hardening coefficient reduction ratio y satisfy
Formula (1), itis possible to significantly suppress crack propagation in comparison to the existing Class-C. Formula (1) is
obtained by substituting €peq = 0.007 and Ogq = 900 into Formula (2) of the nonlinear kinematic hardening law, and is the
equivalent stress value at an equivalent plastic strain amount of 0.7%. That is, Formula (1) shows the range of the initial
kinematic hardening coefficient C and the kinematic hardening coefficient reduction ratioy for which the 0.7% yield stressin
the cyclic stress-strain curve is 900 MPa or more.

[Expression 9]

470 < %{1 — exp(—0.007y)} (1)

[0042] A railway wheel 100 of the present embodiment that has been completed based on the above findings has the
following configuration.
[0043]

[1] A railway wheel, including:
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a hub partthat forms an inner circumferential portion of the railway wheel, and that has a through hole for inserting
an axle of a railway vehicle;

a rim part that forms an outer circumferential portion of the railway wheel, and that includes a tread to come into
contact with a top surface of a rail on which the railway vehicle travels, and a flange protruding outward from the
tread in a radial direction of the railway wheel; and

an annular web part that connects the hub part and the rim part;

wherein:

in an outer layer of the rim part that includes the tread,

an elastic limit 6 is 430 MPa or more, an initial kinematic hardening coefficient C is 130 GPa or more, and a
kinematic hardening coefficient reduction ratio y is 400 or less,

where, the initial kinematic hardening coefficient C and the kinematic hardening coefficient reduction ratio y
satisfy Formula (1).

[Expression 10]

470 < %{1 — exp(—0.007y)} (1)

[0044] Inthe railway wheel of the present embodiment, in the outer layer of the rim part that includes the tread, an elastic
limit o is 430 MPa or more, an initial kinematic hardening coefficient C is 130 GPa or more, a kinematic hardening
coefficient reduction ratio y is 400 or less, and the initial kinematic hardening coefficient C and the kinematic hardening
coefficient reduction ratio y satisfy Formula (1). Therefore, the propagation of cracks can be suppressed.

[0045] [2] A wheelset for railway vehicles, including:

a first railway wheel and a second railway wheel, the railway wheels each being according to [1], and
the axle thatis inserted into the through hole of the first railway wheel and the second railway wheel, and that extends in
a rotational axis direction of the first railway wheel and the second railway wheel.

[0046] The wheelsetforrailway vehicles of the presentembodimentis equipped with the railway wheels described in [1].
Therefore, the propagation of cracks in the railway wheels can be suppressed.

[Structure of railway wheel]

[0047] FIG. 2 is a longitudinal section of the railway wheel 100 of the present embodiment. The longitudinal section
refers to a cross section obtained by cutting the railway wheel 100 along a plane including a central axis X of the railway
wheel 100. The longitudinal section of the railway wheel 100 is symmetric about the central axis X, and therefore FIG. 2
illustrates the railway wheel 100 on one side of the central axis X only. In the presentembodiment, the direction in which the
central axis X of the railway wheel 100 extends is referred to as "axial direction”, and the radial direction of the railway wheel
100 is referred to simply as "radial direction".

[0048] Referring to FIG. 2, the railway wheel 100 includes a hub part 10, a rim part 20, and a web part 30.

[0049] The hub part 10 is a cylindrical shape that has the central axis X as an axial centerline, and forms an inner
circumferential portion of the wheel 100. An axle (not illustrated) of a railway vehicle is to be inserted into the hub part 10.
[0050] The rim part 20 is a cylindrical shape that has the central axis X as an axial centerline, and forms an outer
circumferential portion of the railway wheel 100. The rim part 20 is disposed on the outer side relative to the hub part 10 in
the radial direction.

[0051] Therimpart20includesatread 21 and aflange 22. The tread 21 is provided on the outer peripheral surface of the
railway wheel 100. That is, the tread 21 is an annular surface that faces outward in the radial direction. The tread 21 is to
come into contact with the top surface of a rail on which the railway vehicle travels. The diameter of the tread 21 gradually
increases toward the flange 22 side. The shape of the tread 21 is not particularly limited. For example, when the railway
wheel 100 is viewed in longitudinal section, the tread 21 may be conical in shape or may be arcuate in shape.

[0052] The flange 22 is adjacent to the tread 21 in the axial direction. The flange 22 is provided at one end of the rim part
20 in the axial direction. In the present embodiment, the side on which the flange 22 is located in the axial direction is
referred to as "flange side", and the opposite side thereto is referred to as "opposite-to-flange side". In other words, the front
surface side of the railway wheel 100 is the opposite-to-flange side, and the back surface side of the railway wheel 100 is
the flange side. The flange 22 protrudes outward from the tread 21 in the radial direction. When the railway vehicle travels
on right and left rails, the flange 22 is positioned on the inward side of the respective rails.
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[0053] The surface of the flange 22 is connected to the tread 21. A connecting portion between the surface of the flange
22 and the tread 21 is referred to as a throat 23. When the railway wheel 100 is viewed in longitudinal section, the throat 23
is a curve that includes one or more types of arcs, and smoothly connects the surface of the flange 22 to the tread 21.
[0054] The web part 30 has an annular shape, and connects the hub part 10 on the inner circumferential side and the rim
part 20 on the outer circumferential side. The plate thickness of the web part 30 is smaller as a whole than the length in the
axial direction of the hub part 10 (hub width) and the length in the axial direction of the rim part 20 (rim width). The web part
30 has a front surface on the opposite-to-flange side, and has a back surface on the flange side. The inner circumferential
ends of the front surface and the back surface are connected to an outer peripheral surface 11 of the hub part 10 through
connecting portions 41a and 42a which are arc-shaped as seen in longitudinal section, respectively. The outer
circumferential ends of the front surface and the back surface are connected to an inner peripheral surface 24 of the
rim part 20 through connecting portions 41b and 42b which are arc-shaped as seen in longitudinal section, respectively.
[0055] The railway wheel 100 satisfies the aforementioned parameters at an outer layer of the rim part including the
tread 21. The term "outer layer of the rim part” refers to an area from the tread 21 to a depth of 15 mmiin the radial direction of
the railway wheel 100. When the outer layer of the rim part satisfies the aforementioned parameters, the propagation of
cracks in the railway wheel 100 can be suppressed.

[0056] FIG.3isalongitudinal section of a wheelset for railway vehicles 200 of the present embodiment. The longitudinal
section refers to a cross section obtained by cutting the wheelset for railway vehicles 200 along a plane including a central
axis Y of the wheelset for railway vehicles 200. Referring to FIG. 3, the wheelset for railway vehicles 200 includes a first
railway wheel 101 and a second railway wheel 102, and an axle 201. The first railway wheel 101 and the second railway
wheel 102 are each the aforementioned railway wheel 100. The axle 201 is inserted into through holes 60a and 60b of the
first railway wheel 101 and the second railway wheel 102. The axle 201 extends in the rotational axis direction of the first
railway wheel 101 and the second railway wheel 102.

[Elastic limit]

[0057] Inthe outerlayerofthe rim part 20 including the tread 21, an elastic limit 5y is 430 MPa or more. A preferable lower
limit of the elastic limit 5 is 440 MPa, and more preferably is 450 MPa. Although not particularly limited, the upper limit of
the elastic limit o is, for example, 900 MPa.

[Initial kinematic hardening coefficient]

[0058] Intheouterlayerofthe rim part20including the tread 21, aninitial kinematic hardening coefficient Cis 130 GPa or
more. A preferable lower limit of the initial kinematic hardening coefficient C is 135 GPa, more preferably is 140 GPa,
further preferably is 145 GPa, further preferably is 150 GPa, further preferably is 155 GPa, and further preferably is 160
GPa. Although not particularly limited, the upper limit of the initial kinematic hardening coefficient C is, for example, 200
GPa.

[Kinematic hardening coefficient reduction ratio]

[0059] Inthe outerlayerofthe rim part 20 including the tread 21, a kinematic hardening coefficient reduction ratio y is 400
or less. A preferable upper limit of the kinematic hardening coefficient reduction ratio y is 390, more preferably is 380,
further preferably is 370, further preferably is 360, and further preferably is 350. Although not particularly limited, the lower
limit of the kinematic hardening coefficient reduction ratio vy is, for example, 200.

[Method for measuring elastic limit, initial kinematic hardening coefficient, and kinematic hardening coefficient reduc-
tion ratio]

[0060] The elasticlimitoy, the initial kinematic hardening coefficient C, and the kinematic hardening coefficient reduction
ratioy of the railway wheel 100 are measured by the following method. First, a cyclic compression-tension testis conducted
to acquire a cyclic nominal stress-nominal strain curve. The acquired nominal stress-nominal strain curve is rewritteninto a
true stress-true strain curve. In addition, plastic strain in the true strain is calculated by subtracting elastic strain from the
true strain. The plastic strain in the true strain corresponds to equivalent plastic strain, and the true stress at this time
corresponds to equivalent stress. The elastic limit oy, the initial kinematic hardening coefficient C, and the kinematic
hardening coefficient reduction ratio y are determined by fitting the equivalent stress-equivalent plastic strain curve
obtained in this manner to Formula (2) of the nonlinear kinematic hardening law. Further, the 0.7% yield stress in the cyclic
stress-strain curve s the equivalent stress 6., when the equivalent plastic strain g, =0.007 is substituted into Formula (2)
of the nonlinear kinematic hardening law obtained by the aforementioned fitting.
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[Cyclic compression-tension test]

[0061] The cyclic compression-tension test is performed as follows. A cylindrical test specimen is taken from the outer
layer of the rim part 20 of the railway wheel 100 in a manner so that the longitudinal direction of the test specimen is in the
circumferential direction of the railway wheel 100. FIG. 7 is a schematic diagram illustrating a test specimen for the cyclic
compression-tension test. The test specimen has a cylindrical shape with a maximum diameter of 15 mm, and the length of
a parallel portion at the center in the longitudinal direction is 20 mm. The center of a cross section perpendicular to the
longitudinal direction of the test specimen is taken as a position at a depth of 7.5 mm in the radial direction of the railway
wheel 100 from the tread 21 of the railway wheel 100. The cyclic compression-tension testis conducted using the taken test
specimen. The test is conducted using an incremental step method with a strain ratio of -1 and a strain rate of 0.04%/sec.
The strain variation range is to be 0.2%. The maximum amplitude of strainis to be 1.0%. Further, the testis to be cut off at 20
cycles. The cyclic nominal stress-nominal strain curve is to be taken as the first quadrant of a curve connecting the peaks of
the hysteresis curve of the 20t cycle. The elastic limit o, the initial kinematic hardening coefficient C, and the kinematic
hardening coefficient reduction ratio y are determined by the method described above from the thus-obtained cyclic
nominal stress-nominal strain curve.

[0062] The chemical composition of the railway wheel 100 is not particularly limited. The chemical composition of the
railway wheel 100 may be, for example, a chemical composition consisting of, in mass%, C: more than 0.70 to 1.35%, Si:
1.00% orless, Mn: 0.10to 1.50%, P: 010 0.050%, S: 0t0 0.030%, N: 0.0200% or less, Al: 0to 1.500%, Cu: 0 to 0.50%, Ni: 0
t00.50%, Cr: 0t0 0.50%, V: 010 0.12%, Ti: 0t0 0.010%, Mo: 0 to 0.20%, and Nb: 0 to 0.050%, with the balance being Fe and
impurities. The microstructure of the railway wheel 100 is not particularly limited. The microstructure of the railway wheel
100 may be, for example, a microstructure in which the total of the area fractions of one or more kinds selected from the
group consisting of pro-eutectoid cementite, pro-eutectoid ferrite, bainite, and martensite is 0 to 25%, and the balance is
pearlite.

[0063] The areafraction of pearlite is determined by the following method. A sample is taken from a central position in the
thickness direction of the rim part 20 of the railway wheel 100, a central position in the thickness direction of the web part 30,
and a central position in the thickness direction of the hub part 10, respectively. The observation surface of each sample is
mirror-finished by mechanical polishing. Thereafter, the observation surface is etched using a nital solution (mixed solution
of nitric acid and ethanol). A photographicimage is generated using an optical microscope with a magnification of X500 for
an arbitrary one visual field (200 wm X 200 wm) within the observation surface after etching. The contrast of pearlite is
different from the contrast of the quenched layer (martensite and/or bainite), pro-eutectoid cementite, and pro-eutectoid
ferrite. Therefore, the quenched layer and the pearlite in the observation surface are identified based on the contrast. The
area fraction of pearlite is determined based on the total area of pearlite that is identified and the area of the observation
surface.

[Method for producing railway wheel]

[0064] One example of a method for producing the aforementioned railway wheel 100 will now be described. The
present production method includes a starting material production process, a forming process, a heat treatment process,
and a cutting process. Each process is described hereunder.

[Starting material production process]

[0065] Inthe starting material production process, after molten steel having the chemical composition described above
is melted using an electric furnace, a converter, or the like, the molten steel is cast to obtain a cast material (a cast piece or
an ingot). A cast piece may be produced by continuous casting, or an ingot may be produced by casting with a mold.
[0066] The cast piece or the ingot is subjected to hot working to produce a starting material of a desired size. The hot
working is, for example, hot forging or hot rolling. In a case of producing the starting material by hot rolling, for example, the
starting material is produced by a following method. In the hot rolling, for example, ablooming millis used. The cast material
is subjected to blooming by the blooming mill to produce the starting material. In a case where a continuous mill is installed
downstream of the blooming mill, the steel material after blooming may be further subjected to hot rolling using the
continuous mill to produce the starting material of an even smaller size. In the continuous mill, a horizontal stand having a
pair of horizontal rolls, and a vertical stand having a pair of vertical rolls are alternately arranged in a row. Although not
particularly limited, the heating temperature of the reheating furnace in the hot rolling is, for example, 1100 to 1350°C. The
starting material is produced by the foregoing production process.

[0067] Note that, the starting material may be a cast material (a cast piece or aningot). Thatis, the hot working described
above may be omitted. The starting material of the railway wheel 100 is produced by the processes described above. The
starting material is, for example, a starting material that has a cylindrical shape.
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[Forming process]

[0068] In the forming process, the prepared starting material is used to form an intermediate product having a wheel
shape by hot working. Because the intermediate product has a wheel shape, the intermediate product includes the hub
part 10, the web part 30, and the rim part 20 including the tread 21 and the flange 22. The hot working is, for example, hot
forging.

[0069] A preferable heating temperature of the starting material during hot working is 1220°C or more. A method for
cooling the intermediate product after the hot working is not particularly limited. The intermediate product may be allowed
to cool or may be water-cooled.

[Heat treatment process]

[0070] In the heat treatment process, the formed intermediate product having a wheel shape is subjected to tread
quenching. Specifically, the intermediate product after the forming process (hot forging or hot rolling) is reheated tothe A,
transformation point or higher (reheating treatment). After heating, the tread 21 and the flange 22 of the intermediate
product are subjected to rapid cooling (tread quenching). For example, the tread 21 and the flange 22 are rapidly cooled by
spraying a cooling medium. The cooling medium is, for example, air, mist, or spray. Note that, when performing the tread
quenching, the web part 30 and the hub part 10 are allowed to cool without being water-cooled.

[0071] Cooling in which the cooling rate during tread quenching is kept constant is referred to here as "one-stage
cooling". FIG. 5is adiagramiillustrating heat patterns atthe tread 21 and at a position at a depth of 15 mm from the tread 21
in a case where one-stage cooling is performed. Hereinafter, the position at a depth of 15 mm from the tread 21 is also
referred to simply as "15-mm depth position". Here, the term "15-mm depth" means a depth of 15 mm from the tread 21 in
the radial direction of the railway wheel 100. In FIG. 5, the heat pattern of the tread 21 is shown as a solid line L1. The heat
pattern at the 15-mm depth position from the tread 21 is shown as a dashed line L2.

[0072] Inacase where one-stage cooling is performed, the tread 21 is heated from a heating start temperature TO to a
reheating temperature T2 in a time period from a time t0 to a time t1. Thereafter, the tread 21 is held at the reheating
temperature T2 from the time t1 to a time t3. Next, the tread 21 is cooled from the reheating temperature T2 to a cooling
temperature T1 in a time period from the time t3 to a time t5. On the other hand, at the 15-mm depth position, more time is
required for heating and cooling in comparison to the tread 21. At the 15-mm depth position, heating from the heating start
temperature TO0 to the reheating temperature T2 is performed in a time period from the time t0 to a time t2. Thereafter, the
15-mmdepth positionis held atthe reheating temperature T2 from the time t2 to atime t4. Next, the 15-mm depth positionis
cooled from the reheating temperature T2 to the cooling temperature T1 in a time period from the time t4 to a time t6.

[0073] Acooling rate S1 atthe tread 21 can be expressed as (T2-T1)/(t5-t3). On the other hand, a cooling rate S2 at the
15-mm depth position can be expressed as (T2-T1)/(t6-t4). The difference between t6 and t4 is greater than the difference
between t5 and t3. That is, in the case of one-stage cooling, the cooling rate is slower at the 15-mm depth position than at
the tread 21.

[0074] Forexample, by performing two-stage cooling, the cooling rate atthe 15-mm depth position can be increased. By
this means, the elastic limit o, the initial kinematic hardening coefficient C, and the kinematic hardening coefficient
reduction ratio y atthe 15-mm depth position can be controlled. FIG. 6 is a diagram illustrating heat patterns at the tread 21
and at a position at a depth of 15 mm from the tread 21 in a case where two-stage cooling is performed. In FIG. 6, the heat
pattern of the tread 21 is shown as the solid line L 1. The heat pattern at the position at a depth of 15 mm from the tread 21 is
shown as the dashed line L2.

[0075] In acase where two-stage cooling is performed, the tread 21 is heated from a heating start temperature TO to a
reheating temperature T2 in a time period from a time t0 to a time t1. Thereafter, the temperature of the tread 21 is held at
the reheating temperature T2 from the time t1 to atime t3. Next, the tread 21 is cooled from the reheating temperature T2 to
a first cooling temperature T3 in a time period from the time t3 to a time t4. In addition, the tread 21 is cooled from the first
cooling temperature T3 to a second cooling temperature T1 in a time period from the time t4 to a time t5. The cooling rate
from the reheating temperature T2 to the first cooling temperature T3 will be referred to as "first cooling rate S10". The
cooling rate from the first cooling temperature T3 to the second cooling temperature T1 will be referred to as "second
cooling rate S11". The second cooling rate S11 is made higher than the first cooling rate S10. For example, the first cooling
rate S10 from a reheating temperature of 900 to 1000°C to a first cooling temperature of 500 to 550°C is set to 0.700 to
10.00°C/sec. The second cooling rate S11 from the first cooling temperature to a second cooling temperature of 300 to
400°Cis setto 1.40t025.0°C/sec. In this case, fine pearlite precipitates in the tread 21 cooled at the first cooling rate S 10.
Ata stage when the change in structure of the tread 21 has decreased, cooling at the second cooling rate S11 is performed.
The second cooling rate S11 is higher than the first cooling rate S10. By this means, the cooling rate S2 at the 15-mm depth
position can be increased, and the elastic limit o), the initial kinematic hardening coefficient C, and the kinematic hardening
coefficient reduction ratio y at the 15-mm depth position can be controlled.

[0076] Ifthe first cooling rate S10is too high, a quenched layer (martensite) will excessively form. The quenched layeris
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removed in a cutting process to be described later. If the quenched layer is excessively formed, the yield will decrease.
Therefore, the first cooling rate S10 is set to a cooling rate of 0.700 to 10.00°C/sec that can suppress excessive formation of
a quenched layer and can induce fine pearlite to precipitate in the tread 21. The subsequent second cooling rate S11 is set
to 1.40 to 25.0°C/sec in order to increase the cooling rate S2 at the 15-mm depth position. The second cooling rate S11 is
preferably a cooling rate that is multiple of 2 to 2.5 times the first cooling rate S10.

[0077] For example, by rapidly cooling the tread 21 and the flange 22 of the intermediate product under the above
conditions, the railway wheel 100 is obtained in which, in the outer layer of the rim part that includes the tread 21, the elastic
limit o is 430 MPa or more, the initial kinematic hardening coefficient C is 130 GPa or more, the kinematic hardening
coefficient reduction ratio y is 400 or less, and the initial kinematic hardening coefficient C and the kinematic hardening
coefficient reduction ratio y satisfy Formula (1).

[0078] Although in the above description the intermediate product is reheated, the intermediate product after the hot
working may be directly subjected to the tread quenching (without being reheated).

[0079] The intermediate product after the tread quenching is subjected to tempering as necessary. It is sufficient if the
tempering is performed at a well-known temperature for a well-known time. The tempering temperature is, for example,
400 to 600°C.

[Cutting process]

[0080] Asdescribed above, although fine pearlite is formed in the outer layer of the tread 21 of the intermediate product
afterthe heattreatment, a quenched layer is formed in the layer thereabove. Because the wear resistance of the quenched
layer is low with respect to the use of the railway wheel 100, the quenched layer is removed by cutting. It is sufficient to
perform the cutting by a well-known method.

[0081] The railway wheel 100 of the present embodiment is produced by the above processes.

[Method for producing wheelset]

[0082] One example of a method for producing the wheelset for railway vehicles 200 according to the present
embodiment will be described. The present production method includes an axle production process. The axle production
process includes a crude product production process, and a heat treatment process.

[Crude product production process]

[0083] A moltensteelis produced. The chemical composition of the molten steel is, for example, a chemical composition
consisting of C: 0.45 t0 0.59%, Si: 0.15% or more, P: 0t0 0.045%, S: 0 t0 0.050%, and V: 0.02 to 0.08%, with the balance
being Fe and impurities. An ingot is produced using the molten steel. Hot forging is performed on the ingot to produce a
crude product having an axle shape. It suffices that the heating temperature of the ingot during hot forging is within a well-
known temperature range. The heating temperature is, for example, 1000 to 1300°C. The produced crude product is
subjected to quenching and tempering, or a normalizing treatment.

[Heat treatment process]

[0084] Inthe case of performing quenching and tempering, it suffices that the upper limits adopted for the quenching and
tempering are well-known conditions. Specifically, in the quenching, the quenching temperature is set to an A
transformation point or more. The crude product is held at the quenching temperature, and thereafter is rapidly cooled
by water cooling or oil cooling. In the tempering, the tempering temperature is setto an A, transformation pointor less. The
crude product is held at the tempering temperature, and thereafter is allowed to cool. In the case of performing a
normalizing treatment, the crude product s held at a heat treatment temperature that is higher than the A .4 transformation
point, and thereafter is allowed to cool. Note that, tempering may be performed following the normalizing treatment.
[0085] The crude product that underwent the quenching and tempering, or the normalizing treatment is, as necessary,
subjected to machining. Thereafter, the crude product is subjected to an induction quenching treatment. In the induction
quenching treatment, a near-surface portion of the crude product is heated to a temperature higher than the A
transformation point by high-frequency heating, and thereafter is rapidly cooled. The rapid cooling method is, for example,
water cooling. As necessary, the crude product that underwent the induction quenching may be subjected to final
machining. That is, machining is an optional treatment process. Note that, in the case of performing machining, the
machining (lathe turning and polishing) is performed within a range in which a quench-hardened layer having a required
depth can be ensured.

[0086] The axle 201 of the present embodiment is produced by the above production method.

[0087] The axle 201 is press-fitted into the through holes of the produced railway wheels 100 to thereby produce the
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wheelset for railway vehicles 200 of the present embodiment.
EXAMPLE

[0088] Test specimens were prepared under conditions of various cooling rates and various values with respect to the
elastic limit ), the initial kinematic hardening coefficient C, and the kinematic hardening coefficient reduction ratio y. A
cyclic compression-tension test was performed using the test specimens.

[0089] Molten steel having a chemical composition consisting of C: more than 0.70 to 1.35%, Si: 1.00% or less, Mn: 0.10
t01.50%, P:0t00.050%, S: 0t00.030%, N:0.0200% orless, Al: 0to 1.500%, Cu: 0t0 0.50%, Ni: 0t0 0.50%, Cr: 0t0 0.50%,
V: 0 to 0.12%, Ti: 0 to 0.010%, Mo: 0 to 0.20%, and Nb: 0 to 0.050%, with the balance being Fe and impurities was
produced. The molten steel was cast into a mold with a diameter of 513 mm to produce ingots, and each ingot was cutto a
length of 300 mm. Each of the cutingots was heated to 1200°C, and thereafter subjected to hot forging to produce a wheel
with a diameter of 965 mm.

[0090] Each produced wheel was heated for two hours at 900°C, and thereafter so-called "tread quenching" was
performed in which the wheel was cooled by spraying water from a nozzle while rotating the wheel. When performing the
tread quenching, the first cooling rate, which was the cooling rate from 900°C to 550°C, and the second cooling rate, which
was the cooling rate from 550°C to 400°C, were varied. The first cooling rate and the second cooling rate are shownin Table
2. After tread quenching, tempering (treatment in which the wheel was held at 450°C for two hours and then cooled in air)
was performed. In Test No. 12, after the tempering, a high-temperature tempering (treatment in which the wheel was held
at650°C for two hours and then cooled in air) was further performed. Test No. 14 corresponded to the conventional Class-
C, and was a material with respect to which the first cooling rate and the second cooling rate were not varied. In this way, a
railway wheel of each test number was produced.

[Table 2]
[0091]
Table 2
Test First cooling rate Second cooling o C (da/dN)/
Numbe r (°Clsec) rate (°C/sec) (MPa) (GPa) ! Formula (1) (da/dN)gjass-c

7 2.00-5.50 5.00-12.5 451 183 348 Satisfied 0.343
8 3.00 - 6.00 7.50-15.0 480 176 331 Satisfied 0.325
9 2.00-5.00 4.00-10.0 465 150 290 Satisfied 0.390
10 2.00 - 5.00 5.00 - 14.0 515 140 260 Satisfied 0.354
11 0.100 - 0.900 0.100 - 0.900 429 112 246 | Not satisfied 0.911
12 2.00 - 5.00 4.00-10.0 382 66 196 | Not satisfied 3.080
13 0.100 - 0.400 0.100 - 0.400 482 102 188 | Not satisfied 0.565
14 3.00-10.0 3.00-10.0 482 120 300 | Notsatisfied 1.000

[0092] Atestspecimenwas prepared fromthe railway wheel of each testnumber. A cyclic compression-tension testwas
carried out by the method described above in the section [Cyclic compression-tension test] using the test specimen of each
test number. The elastic limit o, the initial kinematic hardening coefficient C, and the kinematic hardening coefficient
reduction ratioy of the test specimen of each test number were determined. The results are shown in Table 2. In addition, an
FEM analysis was carried out under the conditions described above, and the ratio of the crack propagation rate (da/dN
(mm/cycle)) of each test number to the crack propagation rate (da/dN (mm/cycle)) of Test No. 14 (conventional Class-C)
was determined. The result is shown in the column ((da/dN)/(da/dN)q 4esc) in Table 2.

[Evaluation results]

[0093] Referring to Table 2, in Test Nos. 7 to 10, the elastic limit 5 of the test specimen simulating a railway wheel was
430 MPa or more, the initial kinematic hardening coefficient C was 130 GPa or more, the kinematic hardening coefficient
reduction ratio y was 400 or less, and the initial kinematic hardening coefficient C and the kinematic hardening coefficient
reduction ratio y satisfied Formula (1). As a result, the ratio ((da/dN)/(da/dN)q,ss.c) Of the crack propagation rate with
respect to the conventional Class-C was 0.500 or less. In Test Nos. 7 to 10, the propagation of cracks was further
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suppressed in comparison to the conventional railway wheel.

[0094] On the other hand, in Test Nos. 11 and 12, the elastic limit 6, was less than 430 MPa and the initial kinematic
hardening coefficient C was less than 130 GPa, and the initial kinematic hardening coefficient C and the kinematic
hardening coefficient reduction ratio y did not satisfy Formula (1). As aresult, the ratio ((da/dN)/(da/dN)g,¢s.c) Of the crack
propagation rate with respect to Class-C was more than 0.500. In Test Nos. 11 and 12, the propagation of cracks could not
be further suppressed in comparison to the conventional railway wheel.

[0095] In Test Nos. 13 and 14, the initial kinematic hardening coefficient C was less than 130 GPa, and the initial
kinematic hardening coefficient C and the kinematic hardening coefficient reduction ratio y did not satisfy Formula (1). As a
result, the ratio ((da/dN)/(da/dN)q.6s.c) Of the crack propagation rate with respect to Class-C was more than 0.500. In Test
Nos. 13 and 14, the propagation of cracks could not be further suppressed in comparison to the conventional railway
wheel.

[0096] An embodiment of the present disclosure has been described above. However, the embodiment described
above is merely an example for carrying out the present disclosure. Therefore, the present disclosure is not limited to the
above-described embodiment, and can be implemented by appropriately modifying the above-described embodiment
within a range that does not depart from the gist of the present disclosure.

REFERENCE SIGNS LIST

[0097]

10 Hub part
20 Rim part
21 Tread

22 Flange
30 Web part

60 Through hole
100 Railway wheel

Claims
1. Arailway wheel, comprising:

a hub partthat forms an inner circumferential portion of the railway wheel, and that has a through hole for inserting
an axle of a railway vehicle;

a rim part that forms an outer circumferential portion of the railway wheel, and that includes a tread to come into
contact with a top surface of a rail on which the railway vehicle travels, and a flange protruding outward from the
tread in a radial direction of the railway wheel; and

an annular web part that connects the hub part and the rim part;

wherein:

in an outer layer of the rim part that includes the tread,

an elastic limit o is 430 MPa or more, an initial kinematic hardening coefficient C is 130 GPa or more, and a
kinematic hardening coefficient reduction ratio y is 400 or less,

where, the initial kinematic hardening coefficient C and the kinematic hardening coefficient reduction ratio y
satisfy Formula (1).

[Expression 1]

470 < 5{1 — exp(—0.007y)} (1)

2. A wheelset for railway vehicles, comprising:
a first railway wheel and a second railway wheel, the railway wheels each being according to claim 1, and

the axle that is inserted into the through hole of the first railway wheel and the second railway wheel, and that
extends in a rotational axis direction of the first railway wheel and the second railway wheel.
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